Expanding research interests in molecular profiling over the past several years have led researchers in academia and pharmaceutical and biotechnology companies to significantly increase their need for access to tissue specimens collected through clinical care and clinical trials. As a result, tissue allocation has become a growing issue for many clinical and translational investigators. High-quality biospecimens are needed by all stakeholders in order to have scientifically accurate studies and results. At the center of the process are the patients, who have increasingly become active partners in the clinical research enterprise as individuals and through highly sophisticated patient advocacy organizations. All stakeholders must recognize that human specimens, including tissue, represent a valuable and unique resource that must have proper acquisition, handling, custodianship, and consent for use in accordance with best practices for biospecimen resources.
Human tissue, however, can be difficult to procure; samples may be limited, scope of use may be limited based on previous consent, competition for available tissue may be fierce, and maintaining tissue for future patient care purposes is not only desirable but also mandated by standards of care in pathology and federal regulations. Although obtaining tissue from patients may have associated risk and discomfort, individual pa-tients and patient advocacy organizations are often eager to participate as true partners in the clinical research enterprise. The prevailing belief among all stakeholders is that, first and foremost, the priority for use of human tissue should be for diagnostic/clinical purposes. It is only after clinical need is met that tissue should be made available for research purposes. Investigators desiring tissue for research may include the patient's treatment institution, other institutions, or companies that develop drugs, devices, or companion diagnostics. Uses of the tissue may range from screening for clinical trial enrollment, exploratory biomarker analyses, and biobanking for future research and biomarker development.
Tissue samples, whether for research or clinical diagnosis, are often housed in a biorepository or clinical archive, where biological materials are collected, processed, stored, and distributed in support of future scientific investigation. The biorepository assures the proper consent, clinical provenance, annotation, and quality of the biospecimens in its collection and manages the accessibility and distribution/ disposition of samples and data. Large cancer centers often have a shared resource that provides banked tissues to investigators while maintaining patient confidentiality. Pharmaceutical companies and other entities may also maintain their own biorepositories. In general, biorepositories are required to be overseen by a committee that governs how the tissue and other samples are allocated to investigators and reviews specific proposals to assure that tissue requests are appropriate for a proposed study and in line with patient consent. However, even though biorepositories can enable greater sharing of resources, there are not enough specimens to meet the demand. As a result, tissue allocation has become a growing issue for many clinical and translational investigators.
Biospecimens are vulnerable to environmental and biological stresses introduced by routine collection, processing, storage, and transport procedures prior to analysis. 1 This preanalytical variation may transform the molecular composition of the biospecimen before it ever reaches the clinician or researcher. Preanalytic variables include medical or surgical interventions before the specimen is removed from the patient, processing methods, and specimen transport and storage. Without proper understanding of the impact of these sources of variability, molecular changes may be misinterpreted as disease-related or even disease-specific findings. Thus, optimum collection, processing, storage, tracking, and shipment of biospecimens are central to ensuring reproducible and valid outcomes of clinical studies. Clinically, there is a potential for incorrect diagnosis or treatment. In research, there is increased risk of irreproducible results and misinterpretation of artifacts as biomarkers when preanalytic variables are not controlled.
Additionally, tumor biology is complex. Mutations found in single biopsies may not be found in other regions of the same tumor, and "favorable" and "unfavorable" molecular profiles may be generated by analysis of different regions of the same tumor. 2 Different parts of the same tumor can have different mutations in the very same genes, resulting in local heterogeneity, whereas treatment often creates evolutionary pressures that increase heterogeneity.
A multitude of stakeholders, including academic clinicians and researchers, pharmaceutical industry scientists, individual patients, and patient advocacy organizations, have a vested interest in the sharing of human biospecimens. These stakeholders share goals for these biospecimens, including high-quality samples to serve both diagnostic and research purposes, and sufficient quantity of biospecimen for all planned and consented uses. In order to achieve these goals, new practices must be agreed upon and adopted, including consistent and standard sample collection, processing, storage, and release, and adoption of guidelines on sample control and ownership and also guidelines covering best practices in length of sample retention and uses outside of specified trials.
There are several key challenges to optimizing the use and usefulness of biospecimens. High-quality biospecimens are needed by all stakeholders in order to generate scientifically accurate studies and results, but who will define the quality standards? How can consistent collection of high-quality samples be ensured? Several process issues must be addressed, including improvement of preanalytic processes and sample collection, documentation and sample collection attribution, and management of competing priorities for tissue use.
To This article focuses on 3 topics identified as critical by the work group and discussed at the policy summit: informed consent, preanalytic standards, and tissue sharing between academia and industry.
Informed Consent
Informed consent is designed to present potential human research participants with sufficient information, including anticipated procedures, risks, and benefits, to make an informed decision about whether to participate in research studies. Obtaining informed consent for the collection, storage, and future research use of biospecimens can be challenging, because the specifics of the future research often are not known at the time of biospecimen collection.
Advances in genome sequencing technology, evolution in our understanding of the genome, the increased power of data storage and sharing, and varying attitudes about genomic privacy necessitate a flexible approach to communicating with prospective participants during the informed consent process and within the consent form. 3 A perspective published in the New England Journal of Medicine highlights the benefits and drawbacks of various types of consent as applied to biospecimens stored and used in studies unspecified at the time of tissue collection. 4 Specific consents require that participants are contacted and re-consented for each future study: tiered consents give research participants a variety of choices when samples are collected, and allow participants to express whether they permit their samples to be used in future studies; general permission asks that participants permit all future use of their tissue or sample at the time of initial consent; and with presumed consent, participants in a research study are informed that unless they deny their permission, their samples will be used for additional research.
The NCCN Tissue Allocation Work Group recognized the importance of developing standardized language for informed consent documents (ICDs) related to use of subject tissue. Often, subjects are asked to sign separate ICDs for use of their tissue, which may not be consistent with other ICDs they have signed for trial participation. Integrating standardized language that addresses ownership, how tissue will be used in research and nonresearch settings, how it will be used internally and externally, whether the tissue will be stored in a biorepository for future research, and whether the patient will be informed of future use of the tissue was strongly recommended.
IRBs play an important role in ensuring compliance with regulations, which includes a review of ICDs. IRBs are facing challenges as they are required to review increasingly larger numbers of research studies using subject tissue. Uniformity and standardization in ICD language therefore becomes critical in helping to streamline the review process while ensuring protection of human research subjects.
Tiered consent is an option when obtaining consent from patients. In a tiered consent form, research participants are presented with a menu of options, which may include general permission for future use; consent only for future uses related to the original study topic; consent for future uses unrelated to original study topic; or specification that the investigators must obtain specific consent for any future use that differs from the original study. 4 Tiered informed consent for the use of tissue in future research is challenging and was discouraged by the NCCN Working Group. These consents are onerous to adjudicate, are difficult to track for compliance, make re-consent of subjects nearly impossible, and may potentially erode public trust in research if the consent process is not conducted properly. As broad consent for unspecified research is considered acceptable by the Office of Human Research Protections, the NCCN Working Group recommended developing comprehensive language in consents that pertains to future research.
An alternate method to obtaining informed consent was also discussed at the summit, as research has shown that many subjects are not aware of what they are agreeing to when giving consent. The concept of subjects giving general permission for future use of tissue was posed, because the exact research uses for excess tissue are often unknown and cannot be clearly defined in an ICD. Instead of giving consent for unknown future uses, subjects would give general permission for use of their tissues for research purposes that are deemed scientifically meritorious and ethically defensible, and mechanisms for keeping subjects informed of these uses could be put in place, such as a newsletter. Indeed, subjects could give both consent and permission: specific consent for the known uses of tissue and general permission for the unknown uses.
After the summit, the US Department of Health and Human Services (HHS) and 15 other federal departments and agencies announced proposed revisions to the regulations for protection of human subjects in research (ie, the Common Rule). A Notice of Proposed Rulemaking (NPRM) was published in the Federal Register on September 8, 2015.
5 These revisions, if approved, would generally require informed consent for the use of stored biospecimens in secondary research (eg, part of a blood sample that is left over after being drawn for clinical purposes), even if the biospecimen is de-identified or anonymized. Broad consent (ie, consent for future, unspecified research studies) would be obtained for the storage and eventual research use of biospecimens. The NPRM states that the Secretary of HHS will promulgate a broad consent template for this purpose.
Lastly, the process of obtaining informed consent should include education and information about all the issues related to tissue allocation at an educational level understood by subjects. The work group believed that most research subjects want their tissue to be used "wisely and well" to advance science, and are willing to give consent to have it used in future research.
Efforts to Improve Preanalytic Variation in Human Biospecimens
Much discussion at the NCCN Work Group meeting and policy summit focused on preanalytic standards and their importance to biospecimen science and research performed with biospecimens. Several different groups have made, or are currently undertaking, efforts to address this critical issue.
The NCI, through its Biorepositories and Biospecimen Research Branch (BBRB), is leading a national initiative to systematically address and resolve the limited availability of carefully collected and controlled high-quality human biospecimens annotated with essential clinical data and properly consented for broad investigational use. 6 This issue has been repeatedly identified by the scientific community as a leading obstacle to progress in postgenomics cancer research.
NCI established the Office of Biorepositories and Biospecimen Research (OBBR) in 2005, and the Biorepository Coordinating Committee (BCC), which has an advisory role to the OBBR. The OB-BR's mission is to facilitate cancer and biomedical research by improving the quality and consistency of human biospecimens. The objective of the BCC is to coordinate efforts to improve the availability and quality of human specimens needed for research supported by the NCI. 7 In early 2006, the Biospecimen Research Network (BRN) was initiated to systematically address the impact of specific variables in individual specimen types on molecular data from given analysis platforms. 8 The goal of the BRN is to address these issues by sponsoring, conducting, and collaborating on studies to assess the effects of human specimen preanalytical variables on the outcome of genomic and proteomic studies conducted for clinical diagnosis and cancer research purposes. By communicating the results of this research to the scientific community, the BRN aims to significantly improve the quality of NCI-funded biospecimen-based research.
The BBRB's Biospecimen Pre-analytical Variables (BPV) program is designed to systematically investigate the effects of individual preanalytical factors on the molecular profiles of biospecimens. 9 The results of this study will be used to develop evidencebased protocols and best practices for optimal collection, processing, and storage of biospecimens. Moreover, accumulated data from these activities will be widely disseminated to the research community and strengthen the standards for human biobanking.
Highly annotated biospecimens are collected for the BPV program through a tightly regulated infrastructure. Patients are screened, consented, and enrolled in the BPV study at 4 Biospecimen Source Sites (BSSs): Boston Medical Center, Emory University, University of New Mexico, and University of Pittsburgh Medical Center. Currently, the BPV program is collecting tumor and blood specimens to evaluate the effects of several preanalytical factors on downstream molecular analysis results, including the effects of variations in
• cold ischemia time of tumor tissue • formalin fixation time
• method of freezing tumor tissue • storage temperature of frozen tumor tissue • frozen storage temperature of plasma An additional initiative of the BBRB is the Biospecimen Research Database (BRD). 10 The BRD is a free and publicly accessible database that contains peer-reviewed primary and review articles and standard operating procedures (SOPs) in the field of human biospecimen science. This resource was borne out of work done with the RAND Corporation. 11 OBBR asked RAND to identify and analyze existing data on the effects of variables on biospecimens used to study genetic and proteomic changes in cancer. To make the findings of this project useful to the scientific community, it was necessary to develop a systematic method to capture the wealth of data collected through the review of the scientific literature. A data-curation tool, the BRD, was developed to provide a standardized way of consistently recording data obtained through the literature review. The BRD has evolved to include SOPs as well.
Although the NCI's efforts to improve the quality of biospecimens are impressive, there has been only modest change at the level of individual or institutional practice. Perhaps the most significant change is the inclusion of a 1-hour maximum time to fixation stipulated in the ASCO/College of American Pathologists (CAP) guidelines for breast cancer markers. 12, 13 A number of papers have been published that address these issues, but none have changed practice. [14] [15] [16] [17] [18] More work and guidance are needed to make an impact on the individual and hospital practice levels of tissue collection and processing.
In order to address this challenge, in December 2014 the National Biomarker Development Alliance (NBDA) hosted 2 convergence conferences ("Converging on Biospecimen Standards for Genomics" and "Converging on Biospecimen Standards for Proteomics"), both co-chaired by Carolyn Compton, MD, PhD, former director of OBBR, that brought together stakeholders from all realms of translational research and molecular medicine, 19 including experts and thought leaders in pathology and laboratory medicine, surgery, clinical trials, genomics, proteomics, medical care delivery and reimbursement, government regulation, biomarker research funding, professional medical societies that set and enforce standards of care, and patient advocacy.
The goals of these conferences were to define and implement the procedures and practices that would assure uniform quality, consistency, and "fitness" for the purpose of cutting edge genomic and proteomic molecular analysis of biospecimens from all patients. It was recognized that the achievement of this goal would not only raise the bar for standard of care in clinical medicine, but also revolutionize all aspects of translational research using human samples. Implementation of these practices would improve the quality of medical care by improving the quality and consistency of human biospecimens of all patient samples.
The conferences produced agreement on the "Top 10" preanalytical variables for human tissue and blood that have the greatest compromising effect on the quality and reproducibility of molecular data. The "Top 10 List" for tissue includes time to stabilization; method of processing; method of stabilization; metadata collected; and storage conditions. Once all preanalytical variables are validated and the corresponding performance metrics to control them adequately are defined, the CAP has agreed to implement and enforce these standards in pathology departments and commercial laboratories throughout the country and internationally through their Laboratory Accreditation Program (LAP). Heretofore, no other group or groups, public or private, have been able to accomplish such a feat. The NBDA and the CAP believe that this sweeping reform will create and assure the requisite level of molecular quality of human biospecimens needed to advance precision medicine in the clinic and the research laboratory simultaneously. Toward this end, the CAP and the NBDA have completed a Memorandum of Understanding to work together to define the requisite educational and practice goals necessary to achieve the objective. The CAP has established a special project task force titled "Specimen Standards for Precision Medicine," chaired by Dr. Compton and including membership from multiple Scientific Resource Committees of CAP, that is undertaking a comprehensive review of published data and clinical experience that support the "Top 10" list of variables; designing and implementing a comprehensive educational program for the clinical and research communities on the issue; and working with the CAP LAP to develop the performance metrics needed for enforcement of control of the key variables in accredited laboratories. The target date for completion of this effort is 2017.
Although the work group and summit attendees were very interested and supportive of NBDA's efforts to address preanalytical variables, some concerns were expressed. Increased demand for tissue has not been supported by the increases in funding or manpower needed to ensure high-quality tissue. Implementing preanalytic standards would require additional financial and manpower resources. There are costs associated with having the right people in place at all times to ensure that standards will be met for each biospecimen. Implementing such requirements in a community setting may be difficult, because community pathologists have many different responsibilities and could not be devoted to preanalytic standards for all biospecimens. Financial resources would need to be increased for both academic and community hospitals to implement such programs and requirements. All this said, the ability to implement precision medicine for patient care is dependent on the ability to achieve such standards. Attendees at the summit questioned where the additional financial resources would come from. Panelists expressed doubt that any payer, public or private, would fund this type of mandate. Although all stakeholders recognized that quality data relies on biospecimens of known, consistent quality, there was no agreement as to how best to pay for such programs and standards.
Academia's and Industry's Tissue Relationship
Challenges regarding how academic researchers and their industry partners share biospecimens were discussed at both the NCCN Work Group meeting and the NCCN Policy Summit. Both stakeholder groups realize they must find ways to share the limited resource of biospecimens that allows both parties to conduct clinical care, research, and drug development.
A major point of contention is the physical form (eg, blocks vs slides) in which tissue is shared with industry. Industry researchers prefer and often request entire tissue blocks, whereas academic researchers rarely, if ever, relinquish entire blocks of tissue. Academic researchers expressed frustration at the high number of slides requested by industry; honoring requests for a high volume of slides would subsequently deplete the block, leaving little or no tissue for future diagnostic needs.
The value and use of cut slides were also discussed. Although an industry researcher may ask for 20 slides, only 5 are immediately used, calling into question whether the other 15 slides are used before degradation takes place. As a potential solution to this problem, David Rimm, MD, discussed the technique of coring a block and providing a reembedded core to those requesting formalin-fixed, paraffin-embedded tissue. The 3-to 4-mm core provides enough tissue to isolate DNA or RNA and can be either sectioned as is or cored up to 4 times with a 0.6-mm needle for tissue microarray construction. 20 This method allows for users to store the biospecimen core without presectioning slides.
Academic researchers often feel that the high demand for slides is motivated by industry researchers' desires to use a few slides for current studies and store remaining slides for future, undetermined uses. Improved communication between academic and industry researchers would allow tissue providers to have a clearer understanding of the use of each slide. Although industry demand for tissue varies by research area and the intent of the research, industry researchers may request more tissue upfront because of the concern that tissue will not be available later to conduct subsequent research. Additionally, because of the heterogeneity of a tumor, industry researchers often ask for more slides than necessary to ensure they receive sufficient usable material.
Ultimately, both stakeholder groups agreed that (1) improved communication around planned and future use of biospecimens is needed, and (2) adherence to preanalytic standards will ensure higher-quality biospecimens and subsequently lessen demand for high volumes of tissue by industry researchers.
Closing Statement
Progress in cancer research has brought new energy to all stakeholders to accelerate the pace of discovery and translation and deliver improved outcomes for patients. Expanding research interests in molecular profiling have led all researchers to significantly increase their use of biospecimens. The limited availability of biospecimens has forced a conversation among stakeholders about improved processes for the sharing of this valuable resource. Although biospecimens are limited, prior to analysis they are also vulnerable to environmental and biological stresses during routine collection, processing, storage, and transport. The NCCN Tissue Allocation Work Group identified 3 key areas to address to improve the use of biospecimens: informed consent, preanalytic standards, and the academia-industry relationship. Both the work group and policy summit highlighted that the most important area to address is the development and implementation of preanalytic standards for tissue procurement and storage. Although doing so will take both financial and moral fortitude, the resulting high-quality biospecimens will continue to increase the understanding of human biology and advance cancer treatment on behalf of today's and tomorrow's patients.
